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Abstract: Advanced oxidation process using UV/H2O2 was used to remove CI Reactive Red 195A from textile wastewater. UV radiation source was a low-pressure mercury arc lamp, 60W emitting at 253.7nm. In this work, the effects of initial hydrogen peroxide dosage, dye concentration, pH and temperature were examined to study the kinetics of dye decolourisation through UV/H2O2 process. The aim is to find the optimum treatment conditions for practical applications of dye removal from wastewater and to obtain information relevant for the possible scale-up of the degradation process. In general, the result demonstrates that the decolourization reaction was found to follow first order kinetics with respect to the dye concentration. 







The strong colour and high concentrations of organic compounds contained in the textile effluents are the main environmental problems as they are often only partially removed in a conventional wastewater treatment plant, Lucas [1]. Unnatural colours, such as red and violet, commonly raise complaints, Carliell [2] while the public tends to accept blue, green, and brown colours somewhat more, Eston [3], Oneill [4]. The presence of the dye compounds and their by-products on the receiving water bodies does not only inhibit sunlight penetration into the water, which is needed for the photosynthesis process, but also has direct harmful effects on the aquatic microbial populations. Even if the coloured effluent does not have a direct effect on the receiving water bodies, the discharge is of concern when treated water is later utilized for drinking water, Loyd [5] or agricultural proposes, Gravecet [6].

Currently, colour removal from textile effluent is becoming a major concern, as legislation is becoming stricter. Consequently, the textile industry is forced to treat its coloured effluents more thoroughly by installing advanced treatment facilities to fulfil higher effluent standards based on the legislation and to recycle its water to reduce the increasing costs of water. Hence establishing advanced technologies for removing or degrading synthetic or natural dyes from wastewater has become an important issue.

The advanced oxidation processes (AOPs) that focus on the production of highly reactive hydroxyl radicals (OH), are known as a highly effective unit operation for removing colour and substantial organic materials from textile effluent,Forgacs [7],Neamtu [8],Komprivanac [9]. In the present work, the UV/H2O2 treatment method was utilized to study the kinetics of synthetic dye decolourization in order to obtain information relevant for the chemical reaction and possible scale-up of the degradation process. In the kinetic study of photochemical reactions, the reaction rate can be determined by observing either the disappearance of one reactant or the formation of the product. In this study, reaction rate is defined as the rate of change in the dye concentration (one reactant) with time of irradiation.

II.  Materials and Methods
2.1.	Reagents
The dye chosen for the study was Colour Index Reactive Azo Red 195A (a vinylsulphone mono azo dye) that was obtained from the Logan Textile Company, Queensland, Australia. The dye was used in the experiment without further purification. Analytical grade H2O2 solution (30% w/w) was obtained from Merck (Germany). Analytical grade catalase solution (C-100) from cow liver (Sigma Aldrich, Germany) in K2HPO4 buffer solution (0.05 M, pH 7) was used to remove all residual H2O2 from the samples. H2SO4 and NaOH were used to adjust the pH to the desired value. All the other chemicals were at reagent grade quality and solutions were prepared with MilliQ® water

2.2.	Photoreactor 
The UV reactor is an Ultraviolet Technology of Australasia model LC-20 (UVTA, Australia) with the total volume of 585ml. The UV light irradiates the water as it flows through the activated fluoropolymer (AFP840) tubing within the unit. The AFP840 teflon type tube is transparent, non-wettable, and chemically inert. The UV reactor is fitted with a fixed low-pressure mercury lamp, 60W emitting at 253.7nm, achieving a UV dosage of more than 40 mWs/cm2. The UV lamp and the AFP tube are covered by a metal casing. The UV intensity was kept constant during all experiments. The lamp was warmed up for a few minutes before the experiment was started to ensure a constant UV flux and eliminate temperature variations. 

2.3.	Kinetic Rate Constants




where Ct is the concentration of the dye at a certain irradiation time (t), and kobs is the (observed) first order rate constant. The kinetic rate constants kobs were obtained from the linear regression of the ln(Ct/Co) vs. t data (Eq. 1-2). These reactions are often also described by their half-life reaction time (as described on Eq. 3), symbolized by t1/2 (min). In theory, the half-life reaction time for first order kinetics is independent of the initial concentration of the reactant.

2.4.	Analytical Methods 
In the present study, the hydrolysed dye stock solution was prepared according to the common dyebath application conditions recommended by the textile company. Five grams of powdered dye and 40 g of NaOH pellets were dissolved in approximately 500 ml of MilliQ® water and the pH adjusted to 12 with 1 M H2SO4 solution. The solution was stirred for 1 hour at 80ºC. After cooling to room temperature, the solution was neutralized to pH 7 with H2SO4 and diluted to 1 litre with MilliQ® water. The dye was used as the sole organic compound in these tests with a concentration of about 100 mg dye/L, corresponding to 90 to 100 mg sCOD/L. 

A spectrophotometric method, Apha [13] using Photometer SQ 118 (Merck, Germany) with a wavelength of 550nm was used to measure the dye concentration of filtered samples from the influent and effluent of the photoreactor. 

The H2O2 solution was diluted and added directly to the influent just before entering the photoreactor. The initial and residual concentrations of H2O2 were determined by Reflectoquant Peroxide test strips (Merck, Germany). 

Chemical oxygen demand (COD) was measured according to the Standard Methods (APHA, 1998) using a Thermoreactor TR 300 (Merck, Germany) and absorbance measurements were made using the Photometer SQ 118 (Merck, Germany). Residual H2O2 was eliminated using catalase solution before the sCOD measurement to avoid incorrect results. 

500l of catalase (aqueous suspension) was added to 100ml of 0.05M potassium phosphate buffer, pH 7, Koh [14]. 100μl of this catalase-K2HPO4 buffer solution was then added to each sample after neutralization with NaOH or HCl to remove any remaining H2O2 from the samples as this could otherwise interfere with the COD measurements.

Temperature and pH levels were measured using a Metrohm 744 pH sensor. Samples were taken every 2.5 minutes. All samples were filtered using a syringe filter (0.22 μm Millex® GP, Bedford, USA) and diluted when necessary before analysis. Simulated wastewater was prepared freshly before each irradiation experiment. Control experiments were carried out under UV irradiation without H2O2 in the solutions and with H2O2 but without UV irradiation.

III.  Results and Discussion 
3.1.	Effect of Initial H2O2 Dosage


















Logarithmic representation of RR195A decolourization as a function of different initial H2O2
dosages. Initial dye concentration=100mg/L, pH 8, temperature=30oC.

Table 1
Kinetic rate constants of dye removal using the UV/H2O2 method













Effect of different initial H2O2 concentrations on the kinetic rate constants of RR195A decolourization.





The highest rate of colour removal was obtained at an initial H2O2 concentration of 3000 mg/L (kobs = 0.4566 min-1, t1/2 = 1.52 min), while the lowest removal rate occurred at a peroxide concentration of 100 mg/L (kobs = 0.0914 min-1, t1/2 = 7.58 min). However, as is clearly shown in Figure 3, the removal rate is only increasing rapidly in the lower H2O2 concentration range (shown in more detail in Figure ), while it does no longer increase substantially above an initial concentration of 900 mg/L H2O2. This is likely due to the increasing side reactions of H2O2 with hydroxyl radicals or other reactive species as discussed above. This leads to a drastically reduced efficiency of the H2O2 utilisation for the dye degradation reaction. 










4.2.	Effect of Initial pH














Logarithmic representation of RR195A decolourization as a function of different initial pH. Initial dye concentration =100mg/L, H2O2=300 mg/L, temperature=30oC.
Table 2

















Effect of different initial pH on the kinetic rate constants of RR195A decolourization. Initial dye concentration=100mg/L, H2O2=300 mg/L, pH 8, temperature=30oC.

Figure 8






To investigate the effect of RR195A decolourization using the UV/H2O2 method, 5 different initial dye concentrations were tested. The results are shown in Figure  for a H2O2 concentration of 300 mg/L and a pH = 8. 



















Kinetic rate constants of dye removal using the UV/H2O2 method 
(as a function of different dye concentration)












3.4.	Effect of Temperature 















Logarithmic representation of the RR195A decolourization as a function of different temperatures. Initial dye concentration=100mg/L, H2O2=300mg/L, pH=8 (=15 C, =30 C, ▲ =55 C, =75C)

Table 4
Kinetic rate constants of dye removal using the UV/H2O2 method (as a function of different temperatures)












Specific reaction-rate constants are dependent on temperature. The temperature dependence of the rate constants can be estimated using the van’t Hoff-Arrhenius relationship,Metcalf [17]. 
	Eq. 4
where 	k  = reaction rate constant
	T  = temperature, K = 273.15 + oC
E = a constant characteristic of the reaction (e.g. activation energy), J/mol
R = ideal gas constant, 8.314 J/mol•K (1.99 cal/mol•K)
Integration of Eq.  between the limits T1 and T2 gives
	Eq. 5
With k1 measured for a given temperature and with E known, k2 can be estimated using Eq. 5. Alternatively, the activation energy E can be calculated by determining k values at two different temperatures. Because most wastewater treatment operations and processes are carried out at or near the ambient temperature, the quantity E/(RT1T2) in Eq.  may be assumed to be a constant for all practical purposes. If the value of the quantity is designated by C, then Eq. 5 can be rewritten as:
	Eq. 6
	Eq. 7






















The obtained  values vary from 1.01 to 1.06 at the high temperatures. This indicates that the approximation used above may not be fully consistent at the higher temperatures, or the rate determined at 75°C may not be very accurate, leading to this discrepancy. However, in this study, the  value is considered to be 1.01 as most experiments are conducted in the range of 15 to 30°C. By knowing the value of  and the rate constants at certain temperatures, rate constants at different temperatures can be predicted.

4.	Conclusion
The present study has shown that the UV/H2O2 method is very effective in decolourizing a synthetic dye (RR195A). From the experiments, at an initial concentration of 100 mg dye/L, excellent colour removal was obtained between 20 and 30 minutes irradiation with an initial H2O2 dosage ranging from 300 to 900 mg H2O2/L. Peroxide concentrations higher than 900 mg H2O2/L did not significantly improve the results due to the scavenging effect of the produced radicals. Higher pH and temperature enhanced the system performance, however for practical application, particularly in the textile industry, a pH of 8 (or lower) and a temperature of 30oC was suggested as a suitable compromise between the likely wastewater characteristics and the achievable colour removal performance. The kinetic analysis showed that the decolourization of RR195A using UV/H202 followed first order kinetics in relation to colour removal. At the same time, the decolourization rate constants were proportional to the initial peroxide concentration. 
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